Recently, the USDA-NRCS National Cooperative Soil Survey Soil Character ization Database (NSCD) was reported to provide evidence that total nitrogen (TN) stocks of agricultural soils have increased across the Mississippi basin since 1985. Unfortunately, historical changes in methods used to mea sure TN were not fully accounted for in that report. We used NSCD archives to calibrate between wet (pre1995) and dry (post1995) digestion methods used in measuring TN and soil organic carbon (SOC), then evaluated tempo ral trends in SOC and TN stocks with data from 423 Alfisol and 900 Mollisol profiles representing the US Corn Belt. Data were grouped by moisture regime, farming history (presence of Ap horizon), and depth (0-20, 20-60, and 60-100 cm). Regressions showed geographic and textural influences on SOC, and that SOC increased with time among farmed soils, particularly at 20 to 60 cm. Soil TN was dependent on SOC, especially at the surface (R 2 > 0.71), and decreasing TN trends with time were found among farmed soils above 60cm depth. Increases in C to N ratios further suggested TN has been slowly stabilizing within soils of the US Corn Belt. However, C to N ratios <9.0 were prevalent at 60-100 cm depth (>60% frequency), indicating large TN stores remain in these soils. An increasing trend in SOC, TN, and C to N ratios among nonfarmed, aquic Mollisols suggested SOC and TN accumu lations in wet soils typically located below croplands. Results suggest slow improvement in agricultural soils. However, resampling has not been broadly undertaken for NSCD soil profiles, hence use of this database to detect soil change should be approached cautiously.
lection of data to observe soil change is hampered by issues of cost, sampling sufficiency, and, particularly when viewed from historical perspectives, analytical consistency (Schrumpf et al., 2011) . The use of survey data to document soil change in time must therefore be approached cautiously. After Bellamy et al. (2005) reported that, based on repeated sampling of 555 sites, surface soils of England and Wales were losing 4.4 Tg SOC yr -1 and attributed this to climate change, Smith et al. (2007) responded by critiquing the re-sampling approach, likelihood of statistical artifacts, and how different soil and land cover types were combined in the analysis, which all may have contributed to the reported trend. The SOC loss rate of nearly 2% per year (Bellamy et al., 2005) was probably a statistical artifact that occurs due to central tendency of re-sampled data, that is, a second observation will tend increasingly toward the mean as the initial observation occurs further from the mean. Saby et al. (2008) reported about 3850 samples would be required to detect a 5% change in SOC stocks for England and Wales (about 57,600 sites would be needed for the European Union). Using data from a soil carbon cycling observational network in Europe, Schrumpf et al. (2011) demonstrated that re-sampling at 100 points from the top 30 cm of a single cropped field can detect relative changes in SOC stocks of 2 to 5%, depending on local variance in SOC. In sum, monitoring for changes in SOC stocks requires careful future planning to identify sample numbers required and re-sampling interval.
Soil change in the central United States is important to understand because this region is critical to US agriculture. Prior to settlement, soils of the US Midwest accumulated substantial amounts of SOC, particularly in the tallgrass prairie biome that dominated much of present-day Illinois, Iowa, and Minnesota. Under early agricultural practices, substantial SOC losses occurred through decomposition and erosion. The rate of decline in SOC slowed substantially with time under cultivation (Balesdent et al., 1988; Whitmore et al., 1992) , and SOC stocks may have stabilized under current management. Maintaining or increasing SOC can ensure a range of benefits for agricultural production including retention and supply of water and nutrients, and physical properties impacting soil tilth (Loveland and Webb, 2003) . The largest documented increases of SOC within agricultural soils typically accompany use of rotations with perennial crops (Russell et al., 2005) and/or manure additions (Ladha et al., 2011) . Mineral N addition has been associated with either slight increases in SOC (Lu et al., 2011) , or with lower rates of SOC decline compared to farmed soils with no added N (Ladha et al., 2011) .
One reason that maintaining SOC is important in managing agricultural soils is that most TN is held in organic matter. In effect, soil SOC stocks provide a sink that enable TN to be held against leaching loss, but which is limited because soil C to N ratios usually occur over a narrow range (Schipper et al., 2004; Kirkby et al., 2011) . A change in SOC concentration can lead to a change in soil TN concentration, as accumulation of SOC encourages net immobilization of mineral N, while SOC decline encourages net N mineralization of organic N ( Jensen, 1997; Russell et al., 2005) . Crop rotation and management decisions can impact N leaching in part because they can increase or reduce cycling and incorporation of N into soil organic matter (Meisinger and Delgado, 2002) . This means that the capacity of soil for nitrogen retention should not be considered a static property, but rather should be evaluated relative to SOC stocks. In discussing this concept, Schipper et al. (2004) proposed the concept of soil N saturation and use of the soil C to N ratio as a simple indicator of a soils vulnerability to N losses. They proposed that declines in C/N ratios, particularly when C/N < 10, indicate that the soil capacity to retain additional N is diminished, and that relative stores of N in mineral form susceptible to leaching may be increased when C/N < 10 and further C/N decline occurs. Kirkby et al. (2011) reviewed C to N ratios among global studies, and found C/N averaged 11.1 and ranged from 9.8 to 17.5. Springob and Kirschmann (2003) showed that N mineralization is strongly dependent on C to N ratio, with rapid increases shown under incubation as C/N declines below 15. Low soil C to N ratios have been associated with greater NO 3 -N concentrations in groundwater in a landscape study in Iowa (Tomer et al., 2010) . However, the C to N ratio should be viewed as a general index and not as a diagnostic that can be consistently compared against a given threshold. Mineral NH 4 may be fixed in soils with 2:1 clay mineralogy (Brady, 1984; Nieder et al., 2011) , which are common in the US Corn Belt.
Recently, Van Meter et al. (2016) reported that data from the NSCD (USDA-NRCS, 2016) provides evidence that nitrogen has accumulated in Midwestern agricultural soils since the 1980s. Unfortunately, complete metadata have not been provided in NSCD downloads of soil TN to indicate the methods of analysis used. Prior to the mid-1990s, TN and SOC were determined by wet digestion methods, using strong acids and oxidizing agents (Burt et al., 2014) . These methods were abandoned in favor of dry digestion (combustion) methods at the KSSL by 1995. The methods used to measure SOC are documented in NSCD downloads because results from the two digestion methods are reported in separate columns, with "oc" as the column heading for wet digestion and "c-tot" the heading for dry digestion. Unfortunately, this has not been the case for soil TN concentrations, which are currently reported in a single column ("n-tot") when downloading soil horizon data, even though different methods were used to obtain the TN data over time. Does the NSCD provide data that can be used to help determine how U.S. agricultural soils are changing with respect to SOC and TN? While the NSCD has supported soil classification efforts and the development of pedotransfer functions, Van Meter et al. (2016) were the first to evaluate historical trends using the NSCD. Unfortunately, these authors assumed different TN methods at the KSSL were equivalent. We believe that historical trends in TN are best identified with a calibration between methods used in the record, and that it is also important to determine any trends in SOC stocks to provide context to trends in TN. Our objective was to determine whether a trend of increasing TN reported by Van Meter et al. (2016) was still evident after determining and applying a correction between analytical methods to the NSCD TN data. We extended this analysis to the SOC record, to determine if there are temporal trends in SOC and how any trend could inform the interpretation of change in TN stocks. This paper evaluates data from the NSCD to identify trends in soil C and N storage in Midwestern Corn Belt soils, after considering historical changes in analytical methods, and limitations of the NSCD database.
MATERIALS AND METHODS
We extracted soil horizon data from the NSCD (USDA-NRCS, 2016) for soils in Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Nebraska, Kansas, North and South Dakota, Ohio, and Wisconsin. However, we only used data from counties with >20% cover of corn (Zea mays L.) or soybean [Glycine max (L.) Merr.], according to the USDA Cropland Data Layer (USDA-NASS, 2015). We define this area of extensive rowcrop production (Fig. 1) as the Corn Belt. For Nebraska, Kansas, and North and South Dakota, only soils data collected from east of the 100th Meridian were included, ensuring our study was focused where annual precipitation has typically equaled or exceeded potential evapotranspiration (Thornthwaite, 1946) , and enabled rainfed annual cropping in the US Corn Belt.
Soil profiles have been sampled and characterized for inclusion in the NSCD to support soil survey efforts. Resampling of profiles has not been conducted by NRCS so the database provides a set of geographically dispersed, one-time observations of soil properties and profile characteristics. Also, while many profiles included in the database represent common soils, other profiles were sampled to document soils of limited extent to inform county-level soil survey efforts. This suggests that any analysis of NSCD data should not equally weigh data from all sampled profiles. The NSCD provides data on relatively rare Corn Belt soils, such as Histosols, and soils exhibiting evaporative concentration of minerals (including N) that represent small areas of a given soil landscape (e.g., Natric Haplaquepts, Calicaquolls). These less common soils have often been farmed, on being drained if necessary.
We downloaded data from 6835 horizons sampled from soil profiles within the Corn Belt, which comprised concentrations and/or fractions of carbon, total nitrogen, carbonates, textural separates (sand silt and clay), and coarse fragments (>2 mm). These were minimum data requirement for inclusion in our analysis, but we also downloaded bulk density data as available. Data from these 6835 horizons were used calibrate between SOC W and SOC D and to develop equations for estimation of bulk density when necessary, as described below. We focused on dominant Corn Belt soils, by selecting data from the most extensive Soil Orders, Alfisols and Mollisols, where horizon data were available from the surface to at least 60-cm depth. This selection comprised 1323 profiles, including 423 Alfisols and 900 Mollisols, which were used in our trend analyses (Fig. 1) . Sampling dates of these profiles ranged from the 1950s until 2014. This omitted horizon data from 988 locations without complete data to 60 cm, which often comprised data for a single (diagnostic) horizon, and 361 profiles representing Entisols, Inceptisols, Vertisols, and Histosols (Fig. 1) . Entisols were the most common of these (123 profiles), which meant soils of river valleys and sand dunes were omitted. Profiles from other Soil Orders omitted from trend analysis were typically from the margins of the Corn Belt (Fig. 1) . However, data from all profiles (6835 soil horizons) were used to calibrate between SOC W and SOC D , and to estimate soil bulk density where measured values were missing (described below).
Identifying and Correcting for Bias between SOC and TN Methods
The analytical methods used to determine SOC and TN in the NSCD comprised wet combustion methods through 1994. The SOC w method comprised an acid-dichromate digestion, and TN w determinations included a strong acid digest followed by a Kjeldahl distillation analysis. Dry combustion was used from 1995; these methods and sample preparation procedures were described by Burt et al. (2014 (Inskeep and Bloom, 1986) . Mineral N also concentrates in these soils (Calciaquolls); we thus eliminated several high, outlier TN concentrations from analysis.
We found the calibration between the methods became less precise with greater SOC concentrations, and therefore, we fitted two regression equations that provided a precise calibration between SOC D and SOC W for common Corn Belt soils with <10% SOC D , which was:
This equation (see Fig. 2 ) had an R 2 of 0.982 and RMSE of 0.185% SOC (n = 478), and was similar to a result reported by Veenstra and Burras (2015) for selected Iowa soils. The slope (0.957) had an SE of 0.006 and the intercept (0.0478) had a SE of 0.012. Therefore, the slope coefficient was <1.0 and the intercept was >0.0 (p < 0.01). Use of a forced-zero intercept regression also resulted in a slope coefficient <1.0 (p < 0.05). Therefore Eq.
[1] was applied to 2489 horizons that had <10% carbonates, <0% SOC W , and no SOC D result recorded. Samples with >10% SOC W were rare, but found in 24 (mostly histic) horizons with SOC W and SOC D results. The regression for these samples was:
This result had an R 2 of 0.977 but, due to a wider range of SOC concentrations, had an RMSE of 2.15%; 95% confidence intervals for the slope and intercept did not include 1.0 and 0.0, respectively. Equation [2] was only applied to data from five (non-farmed) Mollisol surface horizons with >10% SOC W and no SOC D result.
Metadata documenting TN methods were not included in NSCD downloads; TN is not diagnostic in soil classification and NRCS did not anticipate TN data would be used for agroeco- system analyses by non-USDA customers. We obtained unpublished data archives from the KSSL with TN w and TN D results for 66 samples with detectable TN concentrations (>0.001% TN). Results (Fig. 2) show that TN D = 0.032 + 1.008(TN w )
[3]
The slope (1.008) of Eq.
[3], (R 2 = 0.965) is not significantly different than 1, but the intercept of 0.032, with SE = 0.007, differed from zero (p < 0.01). Therefore, to adjust between the two methods, it is most important to correct small TN concentrations, i.e., those typically found deeper in the profile. We applied this correction to TN data for 1746 horizons from profiles sampled prior to 1995. Other studies and method descriptions have also indicated that wet digest and/or Kjeldhal methods do not recover 100% of soil N (Bremner and Mulvaney, 1982; Craft et al., 1991) 
Concentration to Mass Conversions
After SOC w and TN w concentration data were "corrected" by Eq.
[1] and [3], bulk density data were then used to convert concentrations to mass (Mg ha -1 ). Measured bulk densities (BD, -33 kPa) were available for 4293 of the 6835 soil horizons; for the remaining horizons we developed the following pedotransfer function to estimate bulk density based on textural separates, coarse fragments, SOC, and horizon-boundary depths (upper boundary This equation had an R 2 of 0.49 and RMSE of 0.11 Mg m -3 , and was applied to 2519 horizons without bulk density data. Fifteen samples had oven-dry bulk density (BD od ) but not at -33 kPa water content, we developed a separate regression for these samples using data from 582 sampled horizons that included both bulk density values, the resulting equation had an R 2 of 0.89 and RMSE of 0.066 Mg m -3 :
Concentration data for SOC and TN were converted to mass per unit volume (kg m -3 ) using the measured and estimated bulk density data. A coarse fragment correction was applied to the bulk density assuming the coarse fragments had a specific gravity of 2.4, a conservative value that is reasonable for sedimentary rocks (Hinze, 2003) . No coarse fragments correction was needed for 4602 of the horizons; 1473 horizons had 1 to 5% coarse fragments, 387 horizons had 6 to 10% coarse fragments, and 372 remaining samples had >10% coarse fragments. This ensured the SOC and TN concentrations were converted to mass based on the fine fraction (<2 mm) only. Once converted to kg m -3 , horizon data were combined by profile and interpolated by depth-weighted averaging to give estimated masses of SOC and TN for 0-to 20-, 20-to 60-, and 60-to 100-cm depth increments, in units of Mg ha -1 . Soil C to N ratios were calculated by depth interval on a mass basis. The clay fraction (% mass) was also calculated for the same depth intervals. Data were tabulated by profile with attributes including location (latitude, longitude), year of sampling, and soil classification (subgroup level).
Data Groupings and Trend Analyses
We grouped the profile data according to Soil Order (SO), moisture regime, and profile surface horizon. Alfisols and Mollisols comprised 79% of the NSCD profiles from the Corn Belt, and our analyses focused on these soils. Soil moisture regime (MR) were assigned ' Aquic' if the Great Group or Suborder classification contained 'aqu' , then 'Udic' where these classes included 'udi' but not 'aqu' , then ustic for remaining profiles. Almost all ustic MR soils were Mollisols; ustic Alfisols were rare (only five profiles) and not separately analyzed. Stratifying by SO segregated the soils according to original vegetation (forested Alfisols in the east vs. Mollisols that formed under prairie to the west; see Fig.  1 ). Also, segregating the profiles by MR could help account for landscape-influenced N conversions (e.g., denitrification).
The sampled profiles were finally separated into two groups to indicate history of farming by the presence of an 'Ap' horizon at the surface. The 'p' subscript denotes a 'plowed' horizon, herein these are called 'farmed' soils reflecting their use for crop production without suggesting a method of plowing/tillage. We were uncertain whether locational data, particularly for profiles sampled before global positioning technologies were available, would allow land use history to be accurately identified by CDL data (USDA-NASS, 2015). The presence of an Ap horizon and, therefore, cropping history was consistently identified by soil surveyors. We checked how consistently the presence and/or absence of an Ap horizon was aligned with crop cover. Of 284 profiles lacking an Ap horizon, only 26 were located where annual crops were present in the 2014 CDL (USDA-NASS, 2015). Whereas, only 98 of 1039 profiles with Ap horizons were located under forest or wetland cover in 2014. This suggests use of the Ap surface horizon as an indicator of agricultural land use is >90% accurate, considering the possibility of land use change after sampling by soil survey staff. The non-farmed profiles would have historically received less fertilizer N, compared to farmed soils of this region that typically receive on average >150 kg N ha -1 yr -1 through fertilizer addition and, during years of soybean production, biological fixation (Vitousek et al., 2009) .
The first statistical analysis compared SOC and TN stocks between farmed and non-farmed soils for all SO-MR groupings, by soil depth. This was done using the Kruskal-Wallis test. Three avenues of statistical analyses were then pursued to evaluate whether and how SOC, TN and C to N ratios may have changed over time. These analyses were performed for the SO-MR soil groupings described above, separately and in combination, by depth increment. Our first analysis identified spatialtemporal patterns in SOC. We performed step-wise regressions of SOC (dependent) against latitude, longitude, clay content, and sampling date (independent), using a p < 0.05 significance for entry into the regressions. Including spatial trends (latitude, longitude) accounts for general effects of climate (generally cooler moving north, and drier moving west) on SOC distributions across the Midwest. Also, soils with higher clay contents typically retain more moisture, enhancing plant growth and accumulation of soil organic matter (Brady, 1984) . Note that the stepwise regression approach we used first identifies the independent variable having the greatest correlation with the dependent variable and calculates a linear regression equation, and then determines whether the regression residuals are significantly (p < 0.05) correlated with any remaining independent variables. If so, a second independent variable is entered into the regression model and a multiple regression equation is calculated. This continues until the regression residuals are not correlated (p > 0.05) with any remaining dependent variable. The approach thereby identified any temporal trends in SOC stocks while accounting for basic controls of texture and geography (regional climate) on SOC. Regressions for soils groups with n < 30 are not reported (mostly nonfarmed SO-MR soil groupings). A natural log transform of SOC stocks was conducted prior to these regressions, but the explanatory variables, being nearly uniform in distribution, were not transformed.
The second analysis was aimed to identify temporal trends in soil TN stocks. Because SOC provides a major control on soil TN, we ran regressions to determine if temporal trends in TN existed in the presence of the relationship between SOC and TN. That is, we ran a stepwise regression of TN against SOC and sampling date, but forced SOC into the model, enabling us to determine how often sampling date was a significant (at p < 0.05) determinant of TN after accounting for the effect of SOC on TN retention. These regressions were also run after a natural log transform of the SOC and TN data.
Our third analyses explored changes in C to N ratios among Midwestern surface soils and whether decreases have occurred with time, which could indicate increased susceptibility of N to leaching (Schipper et al., 2004; Tomer et al., 2010) . We determined whether C to N ratios were correlated with sampling date using the non-parametric Spearman (rank) correlation coefficient. Schipper et al. (2004) proposed that C/N < 10 indicate the capacity of soil to retain additional TN stocks is limited and that susceptibility to N leaching is increased. Therefore, we also plotted the frequency at which C/N < 9 were observed for each decade of sampling and for each depth interval, to evaluate whether NSCD C/N data suggests soil N has become more susceptible to leaching in recent decades. Analyses were conducted using SAS Enterprise (SAS Institute, 2016).
RESULTS

Comparison of SOC and TN Stocks between Farmed and NonFarmed Soils
Differences in SOC and TN stocks (at p < 0.05) between farmed and non-farmed soils occurred most consistently in the 0-to 20-cm depth increment, occasionally in the 20-to 60-cm depth increment, and were not found at the 60-to 100-cm depth increment (Table 1) . At 0-to 20-cm, aquic Alfisols showed greater SOC and TN stocks in farmed than non-farmed soils. In con- trast, Mollisols consistently showed greater stocks of both SOC and TN in non-farmed than farmed soils at 0 to 20 cm, across all three MR groupings (p < 0.01). At 20 to 60 cm, among aquic Mollisols, non-farmed profiles showed greater SOC and TN stocks (p < 0.01) than farmed profiles (Table 1) . When significant differences were found, both SOC and TN were greater (or both were smaller). The only exceptions occurred in the udic Alfisols, which exhibited greater TN stocks in farmed than non-farmed soils at the 0-to 20-and 20-to 60-cm depths, where SOC stocks of farmed and non-farmed soils were similar (p > 0.05; see Table 1) , and among Udic Mollisols, which showed greater TN stocks among non-farmed soils at 20 to 60 cm, where SOC stocks were similar between farmed and nonfarmed profiles.
Trends in SOC Stocks
Stepwise regression results for the 0 to 20 cm depth showed that, among the surface horizon, soil order and soil moisture regime groupings, SOC was most frequently correlated with latitude and clay content, commonly at a p < 0.01 significance level (Table 2) . Positive coefficients associate larger masses of SOC with higher clay contents and higher latitudes, as expected (Brady, 1984) . Date of sampling rarely influenced SOC at 0 to 20 cm, but did show a declining trend among farmed udic Mollisols (p < 0.01), and an increasing trend (p < 0.05) among all non-farmed soils and those with aquic MR. (Table 2 ). Longitude showed a significant (p < 0.01), positive regression coefficient with SOC (0-20 cm) among all farmed soils, and among farmed and non-farmed Mollisols, indicating a trend of higher SOC toward the east (Table 2) .
At the 20-to 60-cm depth increment, regression results indicating SOC increased with clay content were common among SO-MR groupings (Table 3) . Latitude and sampling date also frequently exhibited positive regression coefficients. The results generally indicated increases in SOC at 20 to 60 cm depth with time, shown by all soil groupings with >200 observations (p < 0.05) except one (farmed aquic Mollisols). Increases in SOC have been associated with reduced tillage (Ogle et al., 2005; Varvel and Wilhelm, 2010) , and N addition (Lu et al., 2011) . The trends at 20 to 60 cm are weak overall, especially for farmed soils, for which only two R 2 values are >0.20 at 20 to 60 cm (Table 3) , compared to only three occurrences of R 2 < 0.20 among farmed soil groupings at 0 to 20 cm (Table 2) . This trend of weakening statistical power of regression results continues to the 60-100-cm depth, where declining numbers of observations impact R 2 values. Only clay content was consistently associated with SOC stocks (p < 0.01) at 60 to 100 cm (Table 4) . (-) indicates coefficient < 0 at p < 0.05; (--) indicates coefficient < 0 at p < 0.01. ‡ ns, no significant relationship at p < 0.05.
Trends in TN Stocks
When the influence of SOC on TN stocks is accounted for, among SO-MR groupings, temporal trends suggest a slight but significant (p < 0.05) decline in soil TN among farmed soils at 0-to 20-and 20-to 60-cm depths (Tables 5 and 6 ). The rates of TN decline were 10 to 30 kg N ha -1 yr -1 (not shown). Stocks of SOC exhibit a strong control over TN stocks, particularly at 0 to 20 cm, but this control weakens with depth, as R 2 values decrease with depth (Tables 5, 6 , and 7), although all reported coefficients are significant at p < 0.01. Fractions of TN stocks in mineral form are likely to increase with depth, but may be fixed by 2:1 clays. Interestingly, declines in TN stocks over time dominate among the farmed soil groupings, but not among the non-farmed soil groupings. Evidence of temporal trends in TN at 60-to 100-cm depth are weaker than at shallower depth, but are significant (p < 0.05) when grouped only by presence and/or absence of the Ap horizon, which gives the largest number of observations (Table 7) . Smaller coefficient values for SOC (Tables 5, 6 , and 7), given these regressions are on ln-transformed data, indicate proportionally smaller scaling of TN with SOC (i.e., C to N ratios widen most with greater SOC where coefficients are least). Note the least of these coefficient values (i.e., <0.7) occur among aquic MR soils at 60 to 100 cm, where anoxic conditions would be most expected.
Trends in SOC, TN, and C/N
We calculated rank (Pearson) correlations of SOC, TN, and C to N ratios with sampling date for SO-MR groupings by depth and profile surface horizon (Table 8) . Results indicate C to N ratios to be more sensitive to trend detection than SOC and TN, as increases in C to N ratios with time were consistently found at 0-to 20-and 20-to 60-cm depth increments (p < 0.01) among all SO-MR groupings for profiles with Ap surface horizons (Fig. 3) . If we consider soil C to N ratio as an indicator of N leaching risk (per Schipper et al., 2004) , and suspect these risks are increasing in time, then we should expect declining trends in C to N ratios. To the contrary, all significant correlations (p < 0.05) between C/N and sampling date among farmed soils were positive (Fig. 3) . Among farmed soils, significant correlations of sampling date with TN (p < 0.05) occurred for udic Mollisols at <60 cm depth, and were negative (Table  8) , suggesting decreasing rather than increasing trends in TN stocks.
Among non-farmed soils, temporal increases in SOC, TN and C to N ratios were detected among aquic Mollisols at 0-to 20-and 20-to 60-cm depths (most at p < 0.01; Table 8, Fig. 3 ). These non-farmed Table 5 . Stepwise regression results for 0 to 20cm depth showing slope coefficients between total nitrogen (TN) stocks (dependent) and soil organic carbon (SOC; independent). Soil organic C was forced into the model and all values reported are significant at p < 0.01. Under observation date, the significance of temporal trend in total nitrogen (TN) in presence of SOC rela tionship is indicated. Results are tabulated for soil profiles grouped accord ing to farming history (surface horizon), soil order, and moisture regime. A natural logarithm was applied to TN and SOC data prior to analysis. , Long), soil textural (% Clay), and temporal (observation date) trends  in soil organic carbon (SOC) stocks at 60 to 100cm depth for soil profiles  grouped according to farming history (surface horizon), soil order, and soils often occur in topographically lower areas that receive water flows carrying N from croplands found upslope, by surface and/or subsurface pathways. At 60-to 100-cm depth in farmed or non-farmed soils, there was no consistent evidence (p > 0.05) of temporal trends in SOC (Table 4) , TN (Table 7) , or C to N ratios (Table 8) .
Another way to look at the C to N ratio data is the frequency at which C to N ratios fall below a threshold value that indicates increased susceptibility to N loss. We selected C/N < 9.0 as a threshold value, and plotted the frequency at which C/N < 9.0 occurred by decade, by farming history and soil depth. Results (Fig. 4) show declines in the frequencies at which C/N < 9.0, by decade, since the 1980s. Nevertheless, C to N ratios below 9.0 have been dominant in the lower profile, occurring with >50% frequency in farmed and non-farmed soils. While increases in C/N in the upper part of the profile could lead one to expect reduced N losses, susceptibility of N to loss in the lower part of the profile has generally remained high, as indicated by prevalent frequencies of C/N < 9.0. However, persistence of low C to N ratios could indicate fixation of mineral N by 2:1 clays.
DISCUSSION
Historical data on soil nutrients are seldom available, and use of the NSCD to evaluate trends in SOC and TN offers potential insights on the extent of "excess" N in soils and how N loss risks may have changed in time. However, methods of soils analysis have changed in the last three decades and it is critical to understand how the change in analytical methods impact any inference that can be made on historical changes in soils. If no correction is made to correlate between TN W and TN D methods, the profiles selected for analysis exhibited a trend of increasing TN (not shown), which was nullified by accounting for the difference in methods using paired measurements from KSSL archives. The NSCD includes no repeated observations for any site, and therefore, data from the NCSD simply provide a set of snapshots, and statistical inferencing must be strongly based on how well selected profiles represent the landscape being evaluated. When we focused on dominant agricultural soils of the Corn Belt (Fig. 1) , and included a correction between TN and SOC determinations utilizing wet and dry combustion, we find no evidence that the NSCD shows soil TN stocks have been increasing in Midwest soils since the mid-1980s. To the contrary, we found evidence that among farmed soils, declines in TN may have occurred (Tables 5 and  6 ) when SOC as a dominant control on TN stocks was considered. No such trend was in evidence for nonfarmed soils (Tables 5 and 6 ). Temporal trends in TN were either not in evidence or showed decline (Table 8) . We believe that the trend of increasing N concentrations in deeper soil horizons reported by Van Meter et al. (2016) was largely an artifact of differences in analytical methods.
Re-sampling studies Veenstra and Burras, 2015) were utilized by Van Meter et al. (2016) ; these studies documented changes in both SOC and TN since the 1950s, while accounting for changes in methodology. Both these studies resampled profiles that were initially sampled through cooperative soil survey efforts in a single state, and both documented increases in soil TN in the lower profile (50-100 cm). But in Illinois, concomitant SOC increases in tile drained aquic Mollisols were found ). The Veenstra and Burras (2015) study emphasized hillslope position rather than soil classification; most profiles, presumably by happenstance, were in upper and presumably better-drained slope positions. Increases in soil TN and decreases in C to N ratios were significant among these Iowa profiles. Clearly, differences in resampling strategy (none in the NSCD) and in geographic and temporal scope among soil change studies can lead to differing conclusions.
Our analysis of NSCD profile data indicates slow improvement in management of agricultural soils of the Corn Belt. While declines in SOC stock occurred from Mollisols after prairie grasslands were converted to agricultural use (Table 1) , the absence of temporal trends suggest SOC stocks have stabilized in Mollisols of the Corn Belt. Farmed Alfisols actually showed greater SOC stocks than non-farmed Alfisols (p = 0.02; Table 1 ) suggesting one possible benefit from crop production for Alfisols of the Corn Belt. Declines in TN stocks over time are also indicated by both regression results (Tables 5 and 6 ) and increasing C to N ratios (Table 8) . However, in the lower profile (60-100 cm), high C to N ratios (Fig. 4) suggest TN accumulations may have occurred in farmed and non-farmed soils. As aptly demonstrated by Van Meter et al. (2016) , such accumulations can take decades to attenuate, or could be relatively stable where NH 4 fixation by clay occurs. Declining frequencies of C/N < 9.0 suggest progress in N management that might be verified by a wide resampling of NSCD profile sampling sites. Non-farmed aquic Mollisols showed increasing TN stocks with time (Table 8) , suggesting a possible landscape redistribution of TN, lost from agricultural soil profiles but retained in agricultural landscapes when considered at larger spatial scales. Thus, difficulties in closing agricultural N budgets, well discussed in the Van Meter et al. (2016) paper, may result from lags occurring at landscape and at pedon scales.
There are four possible explanations for trends of SOC accumulation (at 20-60 cm; Table 3 ), declines in TN (0-60 cm; Tables 5 and 6), and increases in C to N ratios (0-60 cm; Fig. 3 and 4; Table 8) found for farmed soils dominating the Corn Belt. First, SOC increases among farmed soils (20-60 cm) may have occurred due to decreased tillage intensities across Midwestern croplands since the mid-1980s (Renwick et al., 2008) . Decreased tillage has been shown to sustain or increase SOC (Reeves, 1997) . Second, decreases in TN stocks (0-60 cm) suggest improvements in N use efficiencies among Midwestern crop management systems have occurred (see Vitousek et al., 2009) . Third, wetter climates may have transported mineral N to depth, helping explain general increases in C to N ratios found above 60-cm depth. The fourth explanation involves questioning the validity of this analysis, which may extend NSCD utility beyond intent. Arguably, this analysis may merit reporting more as a cautionary tale than as an insight on actual soil change.
In the early 1980s, KSSL soil scientists were uncertain whether to include TN among soil characterization data being stored in early versions of the NSCD. (This statement is based on a personal recollection of a conversation among KSSL scientists attended by the senior author as a graduate student in the early 1980s). Because TN is not a diagnostic soil characteristic used in soil classification, including TN was considered ancillary to the NSCD, leading to oversights in metadata documentation as the NSCD was later made available to the public online. Authors of the Van Meter et al. (2016) paper trusted in data consistency, which led to omission of method calibration prior to analysis. We point out the clear importance of providing complete metadata with data downloads, and, to authors and editors, the potential value of review by stewards responsible for a given public database when third-party analyses are being prepared and submitted for publication.
SUppLEMENTAL MATERIAL
A supplemental data file providing horizon and profile information is available with the online version of this article.
